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INTRODUCTION

Since 1975, the U.S. Coastal Plains Regional Commission has joined 

with the U.S. Geological Survey in a cooperative program to complete 

the airborne radiometric and magnetic surveying in the Coastal Plain 

regions of North Carolina, South Carolina, and Georgia. Recently 

Virginia and Florida have been added to the program.

This report covers the aeromagnetic data, and consists of a 

compilation of the data collected in the first two years of the program 

and the previous aeromagnetic surveys, with an interpretation of the 

geology of the basement rocks. The interpretation utilizes the aeromag 

netic maps, samples from wells penetrating the basement, previous 

interpretations of the basement geology, and other geophysical data. 

The interpretation is presented on maps 3 and 4.

Aeromagnetic Data

The aeromagnetic maps (maps 1 and 2) are a compilation, at a scale 

of 1:500,000, of 15 different aeromagnetic total intensity surveys 

flown during the years 1958 to 1976. Of these, six surveys, comprising 

about one-half of the area, were funded by the Coastal Plains Regional 

Commission. Three older surveys were flown with a line spacing of 

one-half mile, and 12 with a one-mile spacing. All but one of the 

surveys had a flight elevation of 500 feet (150 m) above ground; that 

one was 1000 feet (305 m). A smooth regional magnetic gradient, the 

International Geomagnetic Reference Field (IGRF) (Fabiano and Peddie,



1969), has been removed from the data so that intensities are comparable. 

The contour interval is 10, 20, or 40 gammas on the newer surveys, and 

100 gammas on several older surveys.

Samples from Basement Wells

Of the thousands of wells (water wells and oil tests) drilled into 

the Coastal Plain rocks, only a small percentage were deep enough to 

reach the basement, and not all of these have obtained samples of the 

basement rocks. Many of the early samples have been lost, so that 

identification by those who saw the rocks must be relied on. Occasionally, 

the basement was called "granite" when the drilling was slowed by hard 

rock, even though no samples were recovered. The rock so described 

could equally well be basalt, diabase, gabbro, gneiss, quartzite, or 

rhyolite. Most of the samples are in the form of cuttings, although 

some cores are available. Usually, the cuttings are contaminated with 

material caved from the upper part of the hole. The size of the 

cutting fragments is small, so that structures, such as metamorphic 

foliation, bedding, and faults can easily be missed. Therefore, the 

degree of uncertainty associated with well cuttings is much greater 

than for basement cores.

The writer examined as many samples as possible. Thin sections 

were prepared on many samples which had not been previously studied. 

Highly suspect data were not used. The basement well data is given in 

the appendix.



Previous Work

Many studies on the subsurface rocks have been done, particularly 

in Georgia, and reported in the literature. In Georgia, the basic work 

was done by Applin (1951), and the general picture put forth by him 

still stands. The data base was expanded considerably by Milton and 

Hurst (1965), and current work is being done by T.M. Chowns of West 

Georgia College (unpubl.). Geophysics has been used to support inter 

pretations based on well data, for example, Skeels (1950), Woollard, 

Bonini, and Meyer (1957), Daniels (1974), Marine and Siple (1974), and 

Popenoe and Zietz (1977).

Geologic Setting

The Atlantic Coastal Plain is underlain by gently dipping sedimentary 

rocks of Mesozoic and Cenozoic age, which lie unconformably upon a 

basement similar to the adjacent Piedmont terrain. Because the base 

ment includes sedimentary rocks, we use the term to include all 

Pre-Neocomian (Late Jurassic-Early Cretaceous) (Maher, 1971) rocks. 

The basement surface generally dips gently southeast, but may locally 

have a few hundred feet of relief. Structure contours on the basement 

surface (fig. 1) show some of the broad undulations. The Cape Fear 

and Peninsular arches are the high spots, while the thickest Coastal 

Plain sections are found at Cape Hatteras and the Southeast Georgia 

Embayment.
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Figure 1 - Map showing Atlantic Coastal Plain and structure contours 

on top of pre-Cretaceous basement rocks, in feet. Modified from 

Maher (1971).



Because none of the Coastal Plain rocks are significantly magnetic, 

all of the magnetic anomalies on the aeromagnetic maps are due to 

magnetic contrasts within the basement. The only effect of the Coastal 

Plain rocks is to increase the distance between the airborne magnetometer 

and the anomaly-producing rocks.

"PIEDMONT" BASEMENT

Metamorphosed sedimentary and igneous rocks and associated intrusive 

plutonic rocks comprise the Piedmont Physiographic Province of the 

southeastern states. Similer rocks, herein called "Piedmont" basement, 

extend beneath the Coastal Plain rocks in each of the three states. 

Four aspects of these rocks are discussed as follows: (1) the extent 

of these rocks as mapped from wells and using the characteristic aero- 

magnetic "grain" of the Piedmont; (2) Piedmont belts, metamorphic grade, 

and granitic rocks using mostly well data; (3) basement structure based 

on the aeromagnetic maps; and (4) Triassic-Jurassic(?) diabase dikes.

Extent of the "Piedmont" Basement

A distinct pattern or "grain" is found on the aeromagnetic maps 

for much of the exposed Piedmont area. It is especially prominent near 

the Fall Line and in Georgia, and is characterized by narrow, linear 

anomalies with northeast trend (Popenoe ancj zietz, 1977). The linear 

anomalies are generated by folded and faulted metamorphic rocks, but 

are absent where these rocks are non-magnetic or where interrupted by



intrusive plutons. Most folding has occurred around nearly horizontal 

axes, resulting in map patterns dominated by long limbs of folds. 

Narrow anomalies are produced because only certain thin, upturned layers 

are significantly magnetic. Other narrow, linear anomalies may be 

produced by zones of cataclastic rocks (Hatcher and others, 1977).

Analysis of the aeromagnetic map of the Coastal Plain has revealed 

large areas in which the Piedmont "grain" is absent. Significantly, no 

foliated metamorphic rocks (the best indicators of Piedmont rocks) have 

been recovered from basement wells in these areas. Further, the contours 

are frequently broadly spaced, indicating large depth to the magnetic 

source rocks, and large amplitude anomalies are common. It is clear 

that there is a major difference between these areas and the Piedmont 

(Popenoe and Zietz, 1977). The line dividing these two areas for 

eastern South Carolina is shown in figure 2, based upon well data and 

the differences in magnetic grain. This interpretation assumes that all 

Piedmont type rocks in the basement have the magnetic grain necessary 

for identification.

Some of the lack of Piedmont grain may be attributed to the cover 

of Coastal Plain sediments, which steadily increase in thickness to the 

southeast. Narrow anomalies are most rapidly attenuated by the increase 

in distance to the source rocks. Such attenuation is probably severe 

only in southeast Georgia and near Cape Hatteras, where the Coastal 

Plain section is the thickest.
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It is interesting that the Piedmont basement, according to our 

interpretation, is very narrow in Georgia (as little as 15 miles (24 km)), 

and wide in North Carolina (apparently to the shelf edge). The line 

selected to separate the two areas travels northeast for a long distance, 

from Jeffersonville, Georgia, four miles (6 km) south of Waynesboro, 

Georgia, two miles (3 km) north of Orangeburg, South Carolina, then 

bends to the southeast 12 miles (19 km) south of Florence, South 

Carolina, and crosses the coast eight miles (13 km) southwest of Myrtle 

Beach, South Carolina (fig. 2).

Metamorphic Grade and Piedmont Belts

The exposed crystalline rocks of the southeastern states have 

customarily been separated for convenience into six geologic belts, 

each with different characteristics, based upon metamorphic grade, type 

of intrusives, and structural style (King, 1955; Butler and Ragland, 

1969). The Carolina Slate belt is the principle belt discussed here. 

Additional belts have been described, mostly along the edge of the Fall 

Line, where the crystalline rocks are incompletely exposed: the Bel Air 

and Kiokee belts (Crickmay, 1952), the Raleigh belt, and the Eastern 

Slate belt (Parker, 1968; Cohee, 1962). The Carolina Slate belt, the 

Eastern Slate belt, and the Bel Air belt contain low-rank metasedimentary 

and metavolcanic rocks. The Raleigh and Kiokee belts are similar to 

the Charlotte belt, with amphibolite grade metamorphism and an abundance 

of plutonic rocks, but differ by the lack of gabbro plutons and associated 

mafic rock.



No strict correlation can be seen in the aeromagnetic data 

collected by the U.S. Geological Survey between metamorphic grade and 

intensity or abundance of magnetic anomalies over Piedmont rocks, 

contrary to the suggestion of Reed and others (1967). All information 

on metamorphic grade of the basement rocks comes from wells. The 

Piedmont basement in North Carolina and eastern South Carolina is pre 

dominantly low-grade, and a continuation of the exposed Carolina Slate 

belt and Eastern Slate belt. Gneiss from a well in Sampson County 

(Brown, 1958) and gneiss from a quarry on a buried monadonock(?) 

(Parker, 1968) at Fountain, Pitt County, North Carolina, may constitute 

a belt of higher-grade rocks, but the well data is too widely spaced 

to adequately define it. Quartzite also found at the Fountain quarry 

is quite magnetic, and may be generating the sharp magnetic anomaly 

found there.

The metamorphic grade apparently increases to the southwest across 

South Carolina. The well data again is too sparse to define this trend 

With the exception of the Bel Air belt (Daniels, 1974), the basement 

rocks in Georgia are amphibolite grade, and may be part of the Kiokee 

or Uchee belts.

Granitic Rocks

Although granitic plutons are distributed throughout the exposed 

Slate belt (Stuckey, 1958; Overstreet and Bell, 1965; Pickering and 

Murray, 1976), and also recovered in scattered wells, a concentration



of granitic rocks occurs in wells along the North Carolina coast. 

The abundance of granitic rocks, together with probable amphibolite 

grade country rock (biotite gneiss and garnetiferous schist) (Denison 

and others, 1967), suggests a distinct belt, herein informally designated 

the Hatteras belt (map 4). Aeromagnetic coverage is incomplete in this 

area, but a large gravity negative coincides with the northern part of 

the area (fig. 3) (Skeels, 1950; Krivoy and Eppert, 1977, U.S. Geol. 

Survey, 1968), which Watkins and Murphy (1973) conclude is caused by 

granitic rather than sedimentary rocks. However, a rapid increase in 

thickness in the Coastal Plain section (Brown and others, 1972) may be 

contributing to the exceptionally low values (-40 mgals) of this anomaly. 

A few radiometric age determinations on the rocks of the Hatteras belt 

indicate Precambrian-Paleozoic ages for the granitic rocks, and Paleozoic

ages for metamorphic minerals, ages which are compatible with other 

Piedmont belts. Other very low Bouguer values occur offshore near 

Cape Fear, and may also be due to granitic rocks (fig. 3).

The majority of granitic plutons are non-magnetic, and either 

lack definition on aeromagnetic maps, or indicate their presence by 

lows with low gradients (example, Rolesville granite near Raleigh, 

North Carolina, fig. 4). A unique series of three granitic plutons, 

which intrude Slate belt rocks in a line near the Fall Line in South 

Carolina and North Carolina, are unusually magnetic (Popenoe and Zietz,

10
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Figure 3 - Bouguer gravity map of the North Carolina Coastal Plain and 
offshore area (modified from Krivoy and Eppert, 1977, and U.S. 
Geol. Survey, 1968) showing relationship to .rocks recovered from 
basement wells. Contour interval 10 milligals. Rock type of 
basement samples: circles-granitic rocks, squares-metamorphic 
rocks, triangles-Triassic rocks.
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Figure 4 - Areomagnetic map of the Raleigh, North Carolina region

with the boundary of the "Rolesville Granite" body superimposed 

(from Parker, 1968).
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1977; Bell and Popenoe, 1976), and generate circular to oval magnetic 

highs. All three (Liberty Hill, Pageland, and Lilesville plutons) 

have radiometric ages of about 300 m.y. (Fullager, 1971; Bell and 

Popenoe, 1976), but apparently have a subtle difference from other 

non-magnetic 300 m.y. plutons in similar environments. The nearby 

300 m.y. Winnsboro pluton, for which there is no aeromagnetic data, is 

similar, and may prove to be magnetic also. A similar circular magnetic 

high is associated with the Farrington pluton (Stuckey, 1958) in 

Orange County, North Carolina, but this is a much older intrusive 

(radiometric age 519 m.y., Fullager, 1971).

A large circular gravity low in Barnwell and Orangeburg Counties, 

South Carolina suggests a large granitic pluton (Popenoe and Zietz, 

1977) or a series of plutons in the basement. No wells penetrate the 

basement here, but a local interruption of magnetic "grain" tends to 

support this interpretation (fig. 5). A similar gravity low is associ 

ated with the Rolesville pluton near Raleigh, North Carolina (Mann, 

1962; Parker, 1968), and gravity lows of smaller dimensions with the 

Liberty Hill and Pageland plutons (Bell and Popenoe, 1976). A similar 

gravity low at Georgetown, South Carolina is also a possibility as 

granitic basement.

Structure

One of the unexpected features of the aeromagnetic maps is the 

bold pattern of linear anomalies near and east of the Fall Line in 

North Carolina. Most prominent are two nearly parallel groups of

13
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Figure 5 - Large gravity negative (hachured contours) in the South 

Carolina Coastal Plain. Gravity contours (heavy lines from 

Long and others, 1976, contour interval 5 milligals) superimposed 

on magnetic contours(contour interval » 100 gammas).
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linear anomalies (A and B, fig. 6) 15 miles apart, which make a broad 

bend around the southern end of the Raleigh belt. One anomaly of the 

northern group closely corresponds to the eastern unit of quartzitic 

gneiss northwest of Raleigh, mapped by Parker and Broadhurst (1959). 

This anomaly merges with an anomaly that coincides with hornblende 

gneiss (fig. 6) (Wilson and others, 1975). It is not yet clear which 

of the two rock types is responsible for the continuation of the two 

anomalies. Comparison with other regions shows that similar linear 

magnetic anomalies coincide with mafic metavolcanic rocks of the Catoctin 

formation and also the Chopawamsic formation (Pavlides and others, 1974), 

both in Virginia. The anomaly follows the high-grade rocks around the 

southern end of the Rolesville pluton (Parker, 1968), while the second 

anomaly crosses terrain probably underlain by Slate belt rocks. The 

significance of these linear anomalies is realized by a comparison with 

the orientation of structures mapped on the ground (Parker, 1968). 

The anomalies are so closely parallel to these structures that the 

magnetic map can be considered a structure map. The magnetic map 

suggests that the rocks in the region have been bent into large-scale 

folds interrupted by north-south discontinuities. Hatcher and others 

(1977) consider the discontinuities to be part of an extensive eastern 

Piedmont fault system similar in nature and continuous with the Goat 

Rock fault in Georgia. A system of folds and faults is suggested in 

figure 6. Magnetic trends in the metamorphic rocks of the southeastern 

states rarely depart from the prevailing Appalachian trend (northeast

15
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Figure 6 - Aeromagnetic map of the Piedmont and Coastal Plain region

around Raleigh, North Carolina; magnetic intensities greater than 

-300 gammas (shaded pattern), less than -300 gammas (blank) , showing 

granite bodies of the Raleigh belt (stippled pattern) after 

Parker (1968); inferred faults (heavy dashed lines) after Hatcher 

and others (1977); inferred fold axes (light dashed lines marked PA); 

anomaly associated with quartzitic gneiss after Parker and Broadhurst (195! 

marked QG); anomaly associated with hornblende gneiss, after 

Wilson and others (1975, marked HG).
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to north). The broad deviations from this pattern of the anomalies 

marks the area east of Raleigh as structurally unique. Perhaps the 

Raleigh belt represents a competent micro-continent which resisted 

subduction and distorted the normal isoclinal fold pattern in the 

surrounding arc sediments and volcanics (Hatcher, pers. comm., 1977). 

Hatcher and others (1977) suggest that the prominent linear magnetic 

anomalies east and southwest of Columbia, South Carolina are part of 

their East Coast fault system. Daniels (1974) noted cataclastic rocks 

along the strike of one such anomaly near Batesburg, South Carolina.

Triassic-Jurassic(?) Diabase Dikes

In parts of the aeromagnetic map, the most striking anomalies are 

those produced by diabase dikes of Triassic-Jurassic(?) age. The ano 

malies are narrow and linear, and may be readily traced for long 

distances, especially where the country rocks are non-magnetic. They 

are most evident in the Piedmont, but many anomalies may be traced far 

out into the area which lacks the Piedmont magnetic grain. One group 

of anomalies extends from the Santee River north of Charleston, South 

Carolina due north to the Blue Ridge near Buena Vista, Virginia, a 

distance of about 300 miles (480 km). This particular swarm is unique, 

and the prominence of dikes with this orientation (north-south) was 

unknown before the aeromagnetic maps were produced. Since most dikes 

and the anomalies in the region trend north-northwest, two distinct ages 

are suggested. Alternatively, the two orientations may have been intruded 

in a single episode along a conjugate fracture pattern.

17



Linear anomalies, which are probably produced by Triassic-Jurassic 

diabase dikes, are identified on maps 3 and 4. The anomalies attributable 

to dikes are not evenly distributed. Some of this unevenness may be 

due to the Coastal Plain cover, to flight directions unfavorable to 

detection of these anomalies, or to interference from very magnetic 

country rocks, especially those which strike parallel to the dikes.

The greatest abundance of anomalies occur in the vicinity of the 

Liberty Hill, Pageland, and Lilesville granitic plutons along the Fall 

Line in northeast South Carolina and south-central North Carolina. 

The plutons probably represent the last igneous event in the area prior 

to the intrusion of the dikes, and may have been localized along a 

similar zone of weakness.

AREAS LACKING PIEDMONT MAGNETIC "GRAIN"

A considerable variety of pre-Cretaceous rocks have been identified 

from wells within the areas designated as lacking Piedmont "grain". 

These include rocks similar to sedimentary rocks from exposed Triassic 

basins often associated with basalt flows or diabase sills, felsic 

volcanic and plutonic rocks, and Paleozoic sedimentary rocks. The 

latter two groups are probably confined to southern Georgia. The 

"Triassic" sediments may extend throughout the remainder of the area, 

and probably overlie crystalline rocks.

18



Triassic-Jurassic Basins

Rocks of Triassic-Jurassic age (Van Houten, 1977) crop out along 

eastern North America in a series of fault-bounded basins, displacing 

crystalline rocks of the Piedmont and Paleozoic sedimentary rocks. 

Red-brown mudstones, arkoses, and conglomerates are the most common 

lithologies. Basalt flows in the upper part of the section and diabase 

sills are found abundantly in the region north of Virginia. Diabase 

dikes cut both Piedmont and Triassic sediments in a regular pattern 

from Alabama to Nova Scotia (King, 1971).

The existence of rocks of probable Triassic age beneath the 

Coastal Plain rock was recognized very early from deep wells which 

had penetrated the basement rocks (Darton, 1896, well at Florence, S.C.) 

Other early wells striking rocks that are probably Triassic were found 

in Summerville, South Carolina (Cooke, 1936), Laurens, Appling, and 

Montgomery Counties, Georgia (Applin, 1951), Camden County, North 

Carolina (Richards, 1954), and Barnwell County, South Carolina (Siple, 

1967). Attempts to delineate the boundaries of these buried basins 

and to identify new basins have utilized additional drilling (Marine 

and Siple, 1974), gravity surveys (Marine, 1974), seismic refraction 

(Woollard and others, 1957; Bonini and Woollard, 1960), and magnetic 

surveys (McCarthy, 1936; Siple, 1967; Marine and Siple, 1974; Daniels, 

1974; Popenoe and Zietz, 1977). Drilling is the preferred method of 

identifying basement rocks, but results in only point data, and is very

19



expensive. However, none of the geophysical techniques is consistently 

reliable by itself because they depend on a contrast in physical 

properties between the basin rocks and country rock, which is not 

always present. On the basis of two low values for seismic velocity 

of basement rocks, Bonini and Woollard (1960) proposed a buried Triassic 

basin extending northeast from Raeford, North Carolina. However, all 

of the wells striking basement in the region were identified as Slate 

belt rocks (Schipf f 1964). If Triassic rocks do occur there, they 

must be restricted to very small areas in the vicinity of the seismic 

measurements.

On the basis of a ground magnetic survey, McCarthy (1936) stated 

that the Triassic rocks identified in the well at Florence, South 

Carolina extend from Lynchburg, South Carolina to Raeford, North 

Carolina, although the data was not shown. This trend seems contrary 

to the trends on the current aeromagnetic maps, and is further doubtful 

because of Slate belt rocks found in a well on this line at Maxton, 

North Carolina (Brown, 1958). We favor the shape for the Florence 

basin proposed by Popenoe and Zietz (1977) drawn on the basis of the 

aeromagnetic map (fig. 2).

Because of closer spacing of data and consistency of coverage, 

aeromagnetic surveys are better suited than ground magnetic surveys 

for such analysis. Siple (1967) inferred that an area of smooth contours 

and low magnetic intensity on an aeromagnetic map (Petty and others, 

1965) defined the extent of a Triassic basin in Barnwell County, South

20



Carolina, based on one well which penetrated sediments identical in 

appearance to typical exposed Triassic rocks. Later drilling and 

coring of basement rocks (Marine and Siple, 1974; Marine, 1974) identi 

fied more Triassic rocks (named by them the Dunbarton basin), and 

corroborated the dimensions of the basin along a northwest-southeast 

line.

Additional geophysical data (seismic reflection, gravity, and 

ground magnetic surveys) collected in the same area suggest the 

Dunbarton basin is broken into a series of horsts and grabens (Marine, 

1974). The southeast edge of the basin had been placed by Siple (1967) 

and Marine and Siple (1974) at the sharp gradient bounding a large 

area of intense magnetic highs. The model later offered by Marine 

(1974), however, removes this boundary, leaving the southeast extent 

of the Triassic rocks indefinite.

Depth calculations by the method of Vacquier and others (1951) on 

original aeromagnetic profiles puts the source of the anomalies south 

east of the Dunbarton basin below the projected basement surface. The 

amount of cover on the anomaly-producing rocks, which may be Triassic 

sediments, varies from 640 meters on the northwest edge to 270 meters 

on the southeast edge (fig. 7). This is in general agreement with the 

model given by Marine (1974). We tentatively suggest, therefore, a 

veneer of Triassic sediments over the sub-basement rocks southeast of 

the Dunbarton basin.

21
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Figure 7 - Aeromagnetic map of part of the South Carolina Coastal Plain 
showing locations of magnetic depth estimations (dots). These 
values were corrected for airplane and terrain elevations and then 
were averaged in the three boxed areas A, B, C. Each of the three 
average elevations of magnetic basement was subtracted from the 
average projected basement elevation as determined from well data 
and seismic refraction data (Woollard and others, 1957). The 
difference may represent the thickness of Triassic sedimentary rocks,

ELEV. OF MAGNETIC
BASEMENT 

AREA (METERS)______

A -980

B -700

C -790

PROJECTED ELEV. 
minus OF BASEMENT 

(METERS)

-340

-370

-520

THICKNESS OF 
TRIASSIC(?) 
SEDIMENTS (METERS)

640

330

270
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One of the more spectacular examples in the eastern states of 

aeromagnetic identification of a buried sedimentary basin occurs in 

an area southeast of Kinston, North Carolina. Low gradient and broad 

wavelength anomalies, indicating a large depth to the magnetic source, 

are sharply bounded by areas with numerous steep gradient anomalies, 

indicating much shallower depths. While no basement rocks have been 

recovered in the low gradient area, this almost certainly represents 

a buried Triassic-Jurassic basin (fig. 8). Two lines of evidence give 

strong support to this interpretation. First, surface faulting in 

Coastal Plain rocks has recently been observed (Brown and others, 1976) 

in parts of Craven and Lenoir Counties, North Carolina in a horst and 

graben arrangement. In addition, faulting near Kinston, North Carolina 

was suggested by Ferenczi (1959) related to the right-angle bend in 

the Neuse River. According to P.M. Brown and J.S. Sampair (pers. comm., 

1977), the faults, they observed, are coincident with the northwest edge 

of the inferred basin. Rejuvination of the border faults of the buried 

basin appears to be the cause of the surface faulting. Our interpreta 

tion of the extent of the thickest part of the basin is shown in figure 

8. The basin appears to thicken to the northeast, but a 40-mile (65 km) 

gap in the aeromagnetic data prevents continuous tracing of this feature, 

However, similar low gradients are found on the next survey, indicating 

possible continuation of this basin. Further, probable Triassic rocks 

have been recovered in wells in Camden (well 029-1) (Richards, 1954) and

23



BASIN BOUNDARY - faults inferred from 
magnetic contours

Location of well which penetrated 
basement rocks

78°

35°

Figure 8 - Aeromagnetic map of the Kinston, North Carolina area showing 
the magnetic evidence for a Triassic basin beneath the North 
Carolina Coastal Plain.
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Pasquotank Counties (well 131-1) in North Carolina and in Suffolk 

County, Virginia (Johnson, 1975), four miles north of the state line.

The examples just described illustrate that special conditions 

must be present where sedimentary basins may be identified by the 

magnetic contours. These conditions are: (1) strong magnetic contrast; 

since the Triassic sedimentary rocks are non-magnetic, the country 

rock must be moderately magnetic with an identifiable grain; (2) the 

basin must have considerable thickness, enough to suppress the magnetic 

grain of the basement; (3) the edges of the basin can be located only 

if they are marked by faults of large throw. Only part of the Durham- 

Wadesboro basin and none of the Dan River basin (Stuckey, 1958) is 

easily differentiated on aeromagnetic surveys. The magnetic contrast 

is absent when the surrounding Slate belt or Inner Piedmont belt rocks 

are non-magnetic.

It is to be expected, therefore, that the magnetic evidence for 

buried basins will usually be subtle, requiring supporting data to be 

convincing. As previously discussed in the section of Piedmont base 

ment, a large part of the South Carolina and Georgia Coastal Plain is 

underlain by basement which lacks "Piedmont magnetic grain". In this 

large area, which includes the Dunbarton basin, no wells have brought 

up rocks most characteristic of the Piedmont, e.g., foliated schists 

and gneisses. Wells, mostly in Georgia, have encountered rocks similar 

to Triassic rocks elsewhere. On the basis of this evidence, together

25



with the suppression of Piedmont-type magnetic anomalies, we suggest 

this entire area is probably underlain by Triassic sedimentary and 

mafic volcanic rocks, with the exception of the felsic igneous and 

Paleozoic sedimentary rocks in the south Georgia area. Although diabase 

and basalt occur in several Georgia and South Carolina wells, the 

magnetic anomalies associated with these rocks are probably small. 

Wells drilled by the U.S. Geological Survey near Charleston, South 

Carolina designed to core the basement rocks have penetrated basalt in 

three wells. The basalt layer was completely penetrated (255 m thick) 

in one, with recovery of red beds beneath (Gohn, pers. comm., 1977). 

Both are probably Triassic or Jurassic. The theoretical magnetic anomaly 

for a 50 km-wide sheet of basalt matching the properties of the basalt 

in the U.S. Geological Survey well is small (10-15 gammas), with narrow 

edge anomalies of 150 gammas (fig. 9). However, large amplitude anoma 

lies are present in the Charleston area which would mask any anomalies 

produced by the Basalt. Basalt flows may be widespread in the basement, 

but the evidence is not present in the magnetic map. The large anomalies 

must be generated by rock bodies of large vertical dimensions, such as 

gabbroic intrusives in the basement beneath the red beds.

Talwani and others (1975) investigated the region around Georgetown, 

South Carolina with gravity and magnetic measurements, and interpreted 

the large gravity low there as a Triassic(?) sedimentary basin topped 

by a basalt flow, a structure very similar to that found in the U.S.

26



SOUTH" MOUTH

GROUND SURFACE

Top at 775 motera 
Thickness 255 meters

Magnetization 0.0035 eaui , 65° N
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Figure 9 - Theoretical, two-dimensional magnetic anomaly produced
by a sheet model matching the dimensions and magnetization 
of the basalt recovered from the U.S. Geological Survey 
wells near Charleston, South Carolina.
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Geological Survey wells. Magnetic anomalies were measured, which can 

be interpreted as the edge effect of a basalt sheet. However, since 

Triassic basins in the exposed Piedmont cannot be consistently correlated 

with gravity lows, granitic rocks are a more likely interpretation.

Mafic Intrusives

Within the area lacking Piedmont magnetic "grain" are numerous 

large amplitude magnetic anomalies, many of which are associated with 

large gravity highs (Long and others, 1972, 1976). Also associated 

with these large amplitude highs are long wavelength magnetic anomalies 

resulting in large areas with elevated values (easily seen if the aero- 

magnetics are color coded). Since the rocks generating these anomalies 

have not been sampled by drilling, all our information about them comes 

from the geophysics. In part of the area, the moderate wavelength, 

high amplitude anomalies were designated mafic intrusives (Daniels, 1974; 

Popenoe and Zietz, 1977). The same criteria and designation are used 

in this report.

Most of these anomalies are oval or circular in outline, but a 

belt of anomalies south of the Dunbarton basin have a fragmented appear 

ance, suggesting faulting subsequent to their emplacement. In Emanuel 

and Johnson Counties, Georgia, anomalies show striking evidence of 

being generated at several different depths (the shallowest sources 

produce the steepest gradients) (see fig. 10, points A, B, and C).

28



83° 82°30 33°

10 10 20 MILES

10 10 20 30 KILOMETRES

Figure 10 - Aeromagnetic map of part of the Coastal Plain of

Georgia showing closely spaced magnetic anomalies generated 

by sources at different depths (points A , B , C ).
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The block-like appearance of the anomalies, together with the varying 

depths to the sources, suggest a horst and graben structure in the 

basement, probably generated in Triassic-Jurassic time, which is similar 

to the model given by Marine (1974).

Two wells only 2000 feet (600 m) apart in Treutlan County, Georgia, 

may have sampled the mafic rocks, but the data is ambiguous. One well 

recovered rocks of dioritic composition (GGS #789), while the second 

brought up an olivine-rich intrusive with diabasic texture (GGS #964). 

The first can be interpreted as either a mafic Piedmont rock or a mafic 

intrusive, and the second as mafic intrusive or Triassic-Jurassic(?) 

diabase. Since no significant associated magnetic or gravity anomalies 

are present, we interpret this as a Triassic-Jurassic(?) diabase sill, 

rather than a major mafic intrusive and uplifted Piedmont crystallines.

The close association of magnetic highs with Triassic rocks in 

this belt would seem to suggest that the major anomalies are generated 

by diabase. While this is possible, the large amplitudes of the gravity 

and magnetic anomalies requires considerable vertical extent, probably 

larger than any known intrusions of Triassic diabase. Instead, we 

suggest the mafic rocks may be of a type similar to the Baltimore State 

line complex in Maryland (Southwick, 1969), or various gabbro complexes 

in the Charlotte belt, from North Carolina to Georgia, such as the 

Concord (Bates and Bell, 1965), Buffalo and Mt. Carmel (Medlin, 1968), 

or Mecklenburg (Hermes, 1968) complexes. In support of this, a perfectly
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circular anomaly at the South Carolina coast southwest of Charleston 

is very similar to the anomaly produced by the Concord Syenite-gabbro 

complex in the North Carolina Charlotte belt (see fig. 11 showing both 

anomalies).

Three large amplitude, roughly circular gravity anomalies (Long 

and others, 1976) with a north-south alignment occur off the South 

Carolina coast, each with an associated magnetic anomaly (Taylor and 

others, 1968). The north-south alignment is anomalous, and suggests 

a history differing from the other anomalies. There may be significance 

or coincidence that this alignment is parallel to one set of Triassic 

diabase dikes.

The most puzzling aspect of this region is what constitutes the 

floor upon which the Triassic(?) rocks rest, and the source of the long 

wavelength magnetic anomalies. We have concluded that gabbroic plutons 

intrude these rocks, but the association with long wavelength anomalies 

has no exact counterpart in the exposed Piedmont. The proximity to the 

Piedmont and the slight northeast anomaly elongation of the anomalies 

nearest the Fall Line suggest affinity with the adjacent Piedmont rocks.

Pel sic Volcanic and Plutonic Rocks

A poorly defined region of pre-Cretaceous felsic volcanic and 

plutonic rocks occurs in southeast Goergia (Ross, 1958; Milton and 

Hurst, 1965; Applin, 1951), bounded by Paleozoic sediments to the south 

and Triassic sedimentary and mafic igneous rocks to the northwest. 

Knowledge of these rocks comes solely from cuttings and cores from 

oil tests. Similar rocks are found in the central Florida basement
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Figure 11 - Aeromagnetic map of an area southwest of Charleston, 

South Carolina, below, showing a circular anomaly similar to 

the anomaly over the Concord, North Carolina complex, shown 

above (Bates and Bell, 1965).
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(Milton and Grasty, 1969; Applin, 1951; Barnett, 1975), which have a 

wider range in composition (rhyolite, andesite, basalt alaskite, granite, 

diorite). The age of the Georgia rocks is not reliably known, but 

their similarity to the Florida rocks suggests comparable ages. Two 

radiometric dates on rhyolites from Florida give Mesozoic ages (Osceola 

County, Humble Oil #1 Hayman, 173 m.y. K/Ar, Milton and Grasty, 1969; 

offshore Charlotte County Mobil #1 state lease 224B, 170 m.y. K/Ar, 

212-228 m.y. Rb/Sr, Barnett, 1975). Mesozoic felsic volcanism is 

unknown elsewhere on the East Coast. These ages contrast with rhyolite 

tuff overlain by Ordovician sandstone (Marion County, Sun Oil, Camp #1, 

Applin, 1951), which requires a previous (pre-Ordovician) period of 

rhyolitic volcanism (Barnett, 1975).

Two distinctly different ages on granites from the Florida basement 

were also found (St. Lucie County, Amerada Pet., #2 Cowles Magazine, 

226 m.y. K/Ar; Osceola County, Humble Oil, Carroll #1, 530 m.y., Milton 

and Grasty, 1969), and overlie the other rocks. While the dates of the 

Florida rocks suggest a genetic relationship between the granites and 

the rhyolites, it is possible that the Georgia granites are part of a 

crystalline basement, surrounded by grabens of sediments and volcanics.

The magnetic field in part of the rhyolitic area is remarkably 

smooth, requiring considerable depth to magnetic rocks, and is continuous 

with a triangular magnetically smooth area offshore to the east and 

another smooth area to the north. A thick basin of sedimentary rocks 

is suggested; the volcanics may be interbedded on top of the pile; 

Mesozoic or Paleozoic ages are both possible.
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Brunswick Anomaly

A major offshore magnetic anomaly system, the East Coast magnetic 

anomaly, was shown by Taylor and others (1968) to be approximately 

aligned with the continental slope. South of Cape Hatteras, the anomaly 

leaves the continental slope and veers toward the coast. The anomaly 

character changes also. The well defined magnetic high over the conti 

nental slope is replaced by a series of short anomalies with different 

shapes, but associated with a very prominent and relatively continuous 

magnetic low. One segment of this high at Brunswick, Georgia coincides 

with a gravity anomaly of 15-30 mgals. Granite has been recovered from 

two wells in Pierce County, Georgia within another segment of the 

anomaly, yet the samples are non-magnetic. Apparently, the granite is 

not the cause of either the magnetic or gravity anomalies, which are 

probably being generated by a deeper rock body. A minimum thickness 

of 1200-2400 m of mafic rock is required to satisfy the gravity anomaly, 

assuming a 0.3 gm/cc density contrast. Pickering and others (1977) 

suggest that the source is either rift-filling mafic rock, presumably 

basalt, possibly generated during Triassic continental rifting, or the 

magma chamber of an old island arc.

At the coastline, the magnetic low is associated with rhyolitic 

rocks found in wells. This association may be true for the continua 

tion of the anomaly.
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Paleozoic Sedimentary Rocks

Unmetamorphosed sandstones and shales, some of which are Ordovician 

to Devonian in age based on sparse fossils (Bridge and Berdan, 1950; 

Applin, 1951), have been recovered from the pre-Cretaceous section from 

wells in northern Florida and southern Georgia. Only a small part of 

this area is covered by the current aeromagnetic surveys. The aeromag- 

netic contours are smooth, which is consistent with non-magnetic 

sediments covered with a thick Coastal Plain section. The area is too 

small, however, for meaningful geophysical analysis.

Cramer (1971) claims that the north Florida and southern Georgia 

Paleozoic sedimentary rocks have abnormal Silurian fossils compared 

with Silurian rocks in Alabama. Based on temperature sensitive phyto- 

plankta and data on paleolatitudes, it appears that the Florida rocks 

were farther from the Alabama rocks by about 7 of latitude than they 

are now and are more like the assemblages of the lower Paleozoic of 

Guinea on the African Coast. The intervening space was occupied by the 

proto-Atlantic Ocean, which later closed to join the continental frag 

ment to the Appalachian rocks.

ECONOMIC RESOURCES OF THE COASTAL PLAIN

Near-surface economic resources of the Coastal Plain rocks in the 

region of North Carolina to Georgia are abundant, and include ground 

water, heavy mineral sands, phosphate, clay and kaolin, limestone, and
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sand and gravel. Aeroradioactivity maps can be very useful in the 

search for some of these resources. On the other hand, aeromagnetic 

anomalies are rarely generated by shallow sources, and are completely 

dominated by contrasts within the basement rocks. There may be clues 

in the magnetic data to the location of deeper resources, such as petro 

leum, geothermal sources, or ground water, in so far as they are related 

to the lithology or structure of the basement rocks.

Cretaceous or younger faults which cut the basement rocks and some 

of the Coastal Plain rocks may produce traps favorable for petroleum 

accumulation. Surface faulting observed near Kinston, North Carolina 

(Brown and others, 1976) is probably related to faults in the basement 

which border a buried sedimentary basin (fig. 8). Similar faults may 

be common in the Coastal Plain section. Magnetic lineaments, some of 

which may be caused by basement faults, are shown on maps 3 and 4.

Popenoe and Zietz (1977) noted the close alignment between a strong 

magnetic lineament and the Orangeburg Scarp (Winkler and Howard, 1977) 

in South Carolina. Pickering and others (1977) have suggested that 

there may be structures favorable for petroleum accumulation on the 

flanks of the Brunswick anomaly.

Recently, studies of the Coastal Plain being carried out by L. 

Glover and J. Costain of the Virginia Polytechnic Institute have been 

aimed at locating economic geothermal sources generated by radiogenic 

heat from granitic plutons in the basement. The magnetic maps, together 

with gravity data, should be useful in this search.
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SUMMARY

Basement wells and magnetic grain characteristic of Piedmont rocks 

indicate that Piedmont rocks extend beneath the Coastal Plain out to the 

North Carolina coast, but form relatively narrow zones in east Georgia 

and South Carolina. Although magnetic coverage is incomplete in much 

of eastern North Carolina, well data points to an extensive coastal 

belt of granitic rocks.

Linear magnetic anomalies which are parallel to Appalachian trends 

may trace long zones of mylonites in the Piedmont and in Piedmont-type 

basement (eastern Piedmont fault system, Hatcher and others, 1977).

Curvilinear anomalies south and east of the Raleigh belt in North 

Carolina probably delineate large fold systems in the metamorphic base 

ment rocks.

Abundant and prominent linear anomalies, which cross the Appalachian 

trend and which can be traced far out into the Coastal Plain, are genera 

ted by diabase dike swarms of Triassic-Jurassic(?) age. Two distinct 

anomaly orientations are evident in central North Carolina; a north- 

northwest-south-southeast .trend well known from geologic mapping, and 

a north-south trend not known to be important before the magnetic maps 

were available. The anomalies with north-south trend may be traced as 

a group for about 480 km, and may represent a separate period of dike 

intrusion.
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Large areas of southeast Georgia and southern South Carolina lack 

the magnetic grain characteristic of Piedmont metamorphic rocks. Instead, 

circular or oval magnetic highs are common (many of which correspond 

to gravity highs), together with lower intensity regions of smooth, low- 

gradient magnetic contours indicative of large depths to magnetic rocks. 

The magnetic-gravity highs are probably caused by gabbroic plutons 

intruding an unknown basement, although no wells have verified this. 

Well data does indicate that continental-type sedimentary rocks accompanied 

by frequent diabase sills and basalt flows are present in parts of the 

area. Magnetic evidence suggests extensive block faulting along the 

northern part of the anomalous area.

The interpretation given here is that the entire area is underlain 

by a complexly faulted Triassic-Jurassic(?) rift system continuous with 

similar rocks in the Southwest Georgia Embayment (Barnett, 1975), and 

developed upon a variable basement, mafic plutons, and other rocks in 

the north, and felsic volcanic-plutonic and Paleozoic sedimentary base 

ment to the south.

Smaller subsidiary basins may have developed upon a Piedmont 

basement; the Dumbarton basin is probably continuous with the main 

system of Triassic-Jurassic(?) rocks, while the Florence basin may be 

separated by a narrow band of Piedmont rocks. The basin at Kinston, 

North Carolina is probably similar and continuous with Triassic(?) 

rocks found in Virginia, although the magnetic data is incomplete.
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Paleontological evidence indicates that the Paleozoic sedimentary 

rocks south of the Brunswick anomaly were separated from the North 

American continent during Silurian time by a Proto-Atlantic ocean. 

The suture between the Florida block and the North American block 

probably lies beneath Triassic-Jurassic sediments, and may be related 

to the Brunswick anomaly.
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